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(5) Two-part serf indicating adhesive composition. 

® An adhesive composition which exhibits fast curing 
through large gaps is disclosed. The composition comprises 

(A) at least one addition poh/meruable vinyMype monomer; 

(B) at least one free radical stabilizer; and (C) a free radical 
cure system. The free radical cure system comprises (i) at 
least one free radical initiator, and (ii) at least one ferrocene 
type compound. 
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This invention relates to an adhesive composition of 
the type which exhibits fast curing through large gaps 
on inactive substrates (substrates not involved in the 
adhesive cure mechanism) following a controllable 
induction time. It relates .ore particularly to a 
two-component adhesive co-position which is applied as a 
one-part adhesive, when the two components have been 
mixed. 

A major disadvantage of prior art two-part maxed 
adhesive compositions that are room temperature- curing 
iB that fast curing inevitably means a short pot life 
and problems with mixing equipment. This problem of a 
short pot life is conventionally solved by adding an 
inhibitor to the polymerisation system. The inhibitor 
15 then reacts with the active species of the 

catalyst-activator system thus stopping polymerisation 
until the inhibitor is consumed. The larger the amount 
of inhibitor the longer is the induction period and the 
smaller the amount of catalyst available at the end of 
20 the induction period. As the rate of polymerisation xs 
usually a function of the catalyst concentration a long 
induction period may result in slow and incomplete cure. 

Another disadvantage of the said prior art 
compositions is that a mixture of the two components is 
25 difficult to distinguish from either of the components 
before mixing. It is known to incorporate a first dye 
in one component, and a second dye in the other 
component, so that the mixture of the components has a 
color other than that of either of the dyes. This 
30 however is an undesirable complication of the work of 
manufacturing such compositions. 

A further disadvantage is that the mixture, once 
applied to a pair of substrates which are then placed or 
cramped in mutual contact, although visible at the edges 
35 of the joint, and more fully visible through a_substrate 
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lf the Xatter L tp«~~*. *~ n ° ViBiblC lnkUn9 
° f Tt i-n c^Ht'of the P-ent invention to provide 
, d he.ive co»poaition in which a controllable 

! ol peHcTis followed by rapid polymerization 
induction period i ^ 

giving co-plate cure tnr g two -part 
object of the inventxon is to proviae r- 

\ \o-oosition wherein mixing of the part, 
adheaiv. cnabling th . .ixture to be 

produce, a color A g . liing a visible 

instantly recognized as P i8 

^ 4*.o liwited pot life. A tuiw* j 

in accum which exhibits fast 

-flheaive composition of the type wmc 
15 an adhesive co i~ inactive substrates 

curing through large gaps on inactive 
blowing a controllable induction time, which 

TZ'Z addition polymerizable vinyl-type 
.onomer a. hereinafter defined, 
Mii a cure system comprising a free raa 

-,»t least one accelerator therefor, 
initiator and at least on 
namely a ferrocene type co-pound, and 
"HI) at least one free radical stabilizer of the 

additives^ d ye(s). P^nts(s) - --(s 

..4 1*1 nnw be descrii>ea# oy wa Jf w ** 

temperature in C ve« 
.Meet of varyln, .tabilUer 1«1«> 

Fi9 ure 2 i. • ° f «° th " M Pl °"" 1 
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temperature in °C versus time in minutes showing the 
effect of varying initiator levels, and 

Figure 3 is a series of exotherms plotted in C 
versus time in minutes showing the effect of varying 
accelerator levels. 

The addition polymer izable monomers are preferably 
selected "from the group that consists of -afunctional 
acrylate or methacrylate esters, d^crylate_or 
dimethacrylate esters, urethane acrylate or urethane 
.ethacrylate compounds, and other unsaturated reactive 

cononomers * 

Examples of these monomers (i) are Methyl 
.ethacrylate. Butyl methacrylate. Te t r ahydr o fur fury 1 
.ethacrylate. Cyclohexyl methacrylate and the reactive 
.ono.ere described in U.S. Patents 3,425.988 to TobacK 
and Gorman and 4,018,851 to Baccei. 

The cure system (ii) typically comprises a free 
radical initiator and a combination of free radical 
accelerators one of which is a ferrocene type compound. 

Examples of these initiators are Benzoyl peroxide. 
p-Chlorobenioyl peroxide. o-Methyl benzyl peroxide and 

Lauroyl peroxide • 

Examples of ferrocene type compounds are Ferrocene. 
t-Butyl ferrocene. t-Octyl ferrocene and Vinyl ferrocene. 
" Preferred accelerators other than ferrocene type 
compounds are tertiary aromatic amines, such as 
N,N-Di«ethylaniline. N.N-Diethyl-E-toluidine and 
N , u-Dihydroxyethyl-£- toluidine . 

cure systems of the kind described are capable of 
producing a surface independent non-anaerobic cure. 

The free radical stabilizer is of the quenching 
type. Examples of these stabilizers are Hydroquinone, 
2 6-di-t-Butyl-4-methylphenol and 4-Methoxyphenol . 

The"invention will be understood in greater detail 
from the accompanying drawings and the following 
examples : 
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g xa»ple j;' prepared using the 

Adhesive compositions were P t-^ 

following ingredients! 
M\ Mo noaers i 

"^r^^ h y drofur£uryl » ethacrylate 

(2) Methacrylic acid 

(3 ) 1,3-Butylene glycol di-ethacrylate 

(ii) cure S ystem 

{A} Benzoyl Peroxide (initiator) 
<51 Ferrocene (accelerator) 
10 (6J H ,H-Dihydroxethyl^-toluidine (accelerator, 

(iii, stabilieeri 

(7 ) 2 . 6-di-t-Butyl-4-»ethylphenol 

(iv) polvaericAdditives* 
1 In f o -ulating useful two-part co-positions 

well known in the art. . . h 

20 " A stock solution was «ade up according to the 
. ln „hich the ingredients are 

q "«ltle. «. to *. una«.t«=a »«*. >y 
totalling 100. 

25 c+nric solution Quantities 
(1 , Tetrahydrofurfuryl «ethacrylate(i) 58.85 
(2) Methacrylic acid V^fTX 
rhT, 1.3-Butylene glycol di»e^ylate(x) 2. 08 ) 
SO copoly»er(iv)^e5 

Total 100.00 
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^.part adhesive co-positions were then made up 
using this stock solution and ingredients 4-7 the 
nrooortions of which were as follows t 

proportions part 1. Quantities 

5 (4 ) Benzoyl peroxide (ii) 1,0 
(7) 2,6-di-t-Butyl-4-methoxyphenol (iii) 0.1 
Stock Solution sufficent to add up to 100.0 

part 2. Quantities 
0.2 

10 (5) Perrocene 

(6) N,N-Dihydroxyethyl-E-toluidine 

( siock solution sufficent to add up to 100.0 

on mixing Part 1, which was yellow, with Part 2 
which was orange, a green solution was obtained and an 
15 In uction time hegan. flowing this induction period 
there was a period of rapid polymerization P~ 
Hard yellow polymer, fhes, color changes are of course 
of gr .at utility to the user; the exposition may be 
termed self-indicating by virtue of then. 

20 E xample 2 * . 

tp^sented in Figures 1-3 .are polymerization 

exotherms recorded with a thermocouple recorder unit and 
piotted as temperature in °C versus time in minutes. 
Figure 1 shows how the induction time may be varied 
25 by changing the proportion of the 

2,6-di-t-Butyl-4-»ethylphenol stabilizer in the 
composition of Example fro. 0.050 wt. % (line I). 0.075 
wt . % (line II), to 0.100 wt. % (line III). 

Figure 2 shows that this effect also may be achieved 
30 by varying the proportion of the benzoyl peroxide 

initiator fro. 0.75 wt. % (line I). 1.00 wt. % (line 
Il)f to 1.50 wt. % dine III); and Figure 3 shows that 
this effect also may be achieved by varying the 
proportions of the ferrocene and 
35 M.N-Dihydroxyethyl-p-toluidine in the accelerator 
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.y.tem. respectively, in ^composition in accordance 
Jth the following (all part* are part, by weight), 
Linejo^ AccelHator^tem 

Ferrocene w.N-Dihydroxy- 

ethyl-p-toluidine 

0.40% l- 50% 
0.40% i- 00 * 
0.20% 1-50% 



I 

II 



10 ™ o'.20% L00% 

Exa aple 3 » 

H^-part adhesive exposition was made up 

according to the following recipe. The quantities are 
15 to be understood-as parts by weight. Each part of thxs 
composition adds up to 100.^ Part Quaptit ies 

(1) Tetrahydrofurfuryl »ethacrylate (i) «.00 

. -A Ml 10 * 00 

(2) Methacrylic acid (i) . _ /<f™% 

20 rk^^Bss^^^r 411 ^ 



(4) Bensoyl peroxide (ii) 
(7) ^6-di-t-Butyl-4-»e thyl phenol (lit) 0.125 
( B) Ethylene methyl acrylate copolymer (iv) 22.125 
Methyl methacrylate butyl methacrylate 

1 20.00 



25 copolymer (iv) ^ ^ 

Silicon dioxide (iv) 
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part 2T. Quantities 

(1) Tetrahydrofurfuryl methacrylate (i) 43.00 

(2) Methacrylic acid iij 

((3 v i, 3 -Butylene glycol di»etha cry late Ji), 2.00^ 

VA "*- . . 7. " ' 0.25 

(5) Ferrocene lii) 

5 (6) H.N-Dihydroxyethyl-E-toluidine (ii) 1 ' 00 

(7~j 2,6-di-t-Butyl-4-iiethyl phenol (iii) 0.15 

(8) Ethylene .ethyl acrylate copolymer (iv) 22.10 

Methyl »ethacrylate butyl methacrylate 

» 20.00 
copolymer (iv) 

Silicon dioxide (iv) 1 - 50 

por use, equal weights of the two parts were 
intimately mixed and the mixture applied to a 2.54 x 
1 27cm area on each of a pair of 2.54cm wide abraded gel 
coat glass-reinforced plastics strip substrates. The 
treated areas were placed in contact and clamped 
together, uniform bond gaps of 4mm were achieved with 
the use of glass spacers. .The bonds were allowed to set. 

A number of such bonds was allowed to stand at room 
temperature for 24 hours to develop full cure. They 
were then tested to destruction according to ASTM 
D1002-64 to determine their tensile shear^trength in 
decasewtons per square centimeter (daNcm ). The mean 
result recorded was 23 daNcm" 2 with substrate failure 
being observed in each case. 

Thus the ultimate strengths recorded were determined 
by the cohesive strength of the substrate which was less 
than the forces of adhesion operating. 

An induction time of 30 minutes was recorded for the 
assembled adhesive using both the polymerization 
exotherm and color change as indicators. 



15 



20 



25 



30 



35 



10 



15 



0096500 

CLAIMS - 8 - 

1 An adhesive composition comprising. 

(A ) at least one addition polymerizable 

vinyl- type monomer; 

{B ) at least one free radical stabiliser; and 

(C) a free radical cure system; 

characterized in that said free radical cure system 

comprises (i) at least one free radical initiator, and 

(ii) at least one ferrocene type compound. 

2 The adhesive composition of claim 1, 
characterized in that said polymerizable monomer is 
selected from monofunctional acrylate and methacrylate 
esters, diacrylate and dimethacrylate esters, and 
urethane acrylate and urethane methacrylate compounds. 

3 The adhesive composition of claim 1 or claim 2, 
characterized in that said free radical polymerizable 
initiator comprises, an organic peroxide compound, 
preferably benzoyl peroxide, p-chlorobenzoyl peroxide, 
o-methylbenzoyl peroxide or lauroyl peroxide. 

4 The adhesive composition of any of claims 1 to 

3 characterized in that said ferrocene type compound is 
20 selected from ferrocene, t-b»tyl ferrocene, t-octyl 

ferrocene and vinyl ferrocene. 

5 The adhesive composition of any of claims 1 to 

4 characterized in that said free radical stabilizer is 
25 selected fro. hydroouinone , 2,4-di-t-butyl-«ethylphenol 

and 4-methoxyphenol. 

6 The adhesive composition of any of claims 1 to 
5, characterized by comprising a two part composition in 
which said ferrocene type co.pound is isolated from said 
free radical initiator prior to use. 

30 7 A cure system for an addition polymerizable 

vinyllmonomer characterized by comprising at least one 
free radical initiator, and a combination of free 
radical accelerators, at least one of which is a 
ferrocene type compound, wherein said ferrocene type 
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compound and said other free radical accelerator are 
kept apart fro. one another prior to use. 

8. A two part adhesive co-position characterized by 

comprising: 

5 ( A ) a first' part which comprises (l) at least 

one addition polymerizable vinyl-type monomer, (ii) a 
free radical initiator, and (iii) a free radical 

stablizer; and 

(B) a second part which comprises (i) at least 

10 one addition polymerizable vinyl-type monomer, (ii) a 
ferrocene type compound; and (iii) at least one free 
radical stabilizer. 

9 The adhesive composition of claim 8, 
characterized by one or more of the following features: 
15 (a) said polymerizable monomer is selected from 

monofunctional acrylate and methacrylate esters, 
diacrylate and dimethacrylate esters, and urethane 
acrylate and urethane methacrylate compounds; 

(b) said free radical polymerizable. initiator 
20 comprises an organic peroxide compound, preferably 

benzoyl peroxide, p-chlorobenzoyl peroxide, 
o-methylbenzoyl peroxide or lauroyl peroxide; 

(c) said ferrocene type compound is selected from 
ferrocene, t-butyl ferrocene, t-octyl ferrocene and 

2 5 vinyl ferrocene? and 

(d) said free radical stabilizer is selected from 
hydroquinone, 2,4-di-t-butyl-methylphenol and 

4-methoxyphenol . 

10. A method of bonding surfaces together, 
30 characterized by the steps in sequence of: 

(1) providing a two-part polymerizable adhesive 
composition which comprises (A) a. first part comprising 
(i) at least one addition polymerizable vinyl-type 
monomer, (ii) at least one free radical initiator, and 
35 (iii ) at least one free radical stabilizer; and (B) a 
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second P« t co.pri.lno . f.rrocene-typ. poly»eri M tion 

accelerator; 

(2 ) blending said first and seeond parts to for- a 
substantially homogeneous mixture of said parts, 

(3) applying the mixture from step (2) to one or 
both surfaces to be bonded; and 

(4) placing said surfaces under abutting 
relationship under conditions to promote curing of said 
adhesive composition. 
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